The sequence of 1015 nucleotides from the Y poly(A) tract of the potyvirus bean yellow mosaic virus (BYMV) RNA has been determined from two cDNA clones. This sequence contained a single long open reading frame (ORF) starting upstream of the cloned region. The ORF was expressed as a fusion protein in Escherichia coli, and the product was detected by antibodies specific for the coat protein of BYMV. The predicted length of the coat protein gene was 822 nucleotides, corresponding to a 273 amino acid coat protein of Mr 30910. The deduced amino acid sequence of the BYMV coat protein was compared to the chemically determined amino acid composition of purified virion protein, and of protein prepared from trypsin-treated virions. The nucleotide and deduced amino acid sequences were compared to the sequences of the coat protein genes of other potyviruses. The BYMV coat protein gene was found to be 50 to 61 ~ homologous to those of other potyviruses at both the nucleotide and amino acid levels; the greatest variation was between the Y-proximal one-fifth of the genes. Amino acid sequences and hydrophilicity plots of the different potyvirus coat proteins showed similarities which indicated that the structure of the coat protein is highly conserved; a non-terminal region of variability was predicted to be exposed on the exterior of the virion. A putative cleavage site at a glutamine-serine dipeptide was identified by similarity in context to the cleavage sites of tobacco etch virus and tobacco vein mottling virus coat proteins from the viral polyproteins. The BYMV Yterminal non-coding region of 166 nucleotides is followed by a poly(A) tract.
INTRODUCTION
The potyviruses are the largest, and collectively the most economically important group of plant viruses (Hollings & Brunt, 1981) . The potyvirus positive-sense monopartite genome consists of a 10 kb (approx.) single-stranded RNA genome, with a Y polyadenylate tract (Hari et al., 1979) and a Y-terminal genome-linked protein (VPg; Hari, 1981) . The genome is encapsidated in a single type of coat protein (CP) to form a filamentous rod-shaped particle, which is transmitted by aphids in the presence of a virus-coded helper component (Govier & Kassanis, 1974a, b) . The RNA is translated into a single polyprotein which is proteolytically cleaved to yield the individual gene products (Hellmann et al., 1983a (Hellmann et al., , 1988 Vance & Beachy, 1984; Allison et al., 1985a Allison et al., , b, 1986 Dougherty et al., 1985; Yeh & Gonsalves, 1985; Carrington & Dougherty, 1987a, b; Chang et al., 1988) .
Bean yellow mosaic virus (BYMV) is a potyvirus that infects leguminous crops including beans and clovers, and a variety of cultivated ornamental species (Bos, 1970) . We have cloned part of the BYMV genome and identified the CP gene at the Y end of the genome, the location previously determined for the CP gene of other potyviruses (Dougherty & Hiebert, 1980; Allison et al., 1985a, b; Dougherty et al., 1985; Nagel & Hiebert, 1985; Hellmann et al., 1986; Domier et al., 1986; Gough et al., 1987; Ravelonandro et al., 1988; Rosner & Raccah, 1988; Eggenberger et al., 1989) . The CP gene was identified immunologically from a cDNA clone expressing a fusion 0000-8852 © 1989 SGM J. HAMMOND A~D R. W. HAMMOND protein slightly larger than mature virion CP in Escherichia coli, and by homology of the nucleotide and amino acid sequences to previously sequenced potyvirus CPs (Allison et al., 1985a, b; Dougherty et al., 1985; Domier et al., 1986; Shukla et al., 1986; Gough et al., 1987; Ravelonandro et al., 1988; Rosner & Raccah, 1988; Eggenberger et al., 1989) . Similarities and differences observed in the CP genes and 3' non-coding regions of BYMV and other potyviruses enabled us to predict that a non-terminal region of amino acid sequence variability is exposed at the virion surface, and that the negative strand of viral replicative form (RF) RNA will have a polyuridylate tract complementary to the genomic 3' polyadenylate tract.
METHODS
Virus and RNA purification. Bean yellow mosaic virus isolate GDD (BYMV GDD) from gladiolus (Hammond & Lawson, 1988) was propagated in Nicotiana benthamiana Domin. Virus and RNA purification were as described (Hammond & Lawson, 1988) .
Complementary DNA (eDNA) synthesis and cloning. First strand cDNA was synthesized by oligo(dT) priming and by random priming of BYMV RNA. Oligo(dT)-primed cDNA synthesis was essentially as described by Hellmann et al. (1983b) for tobacco vein mottling virus (TVMV), except that cloned Moloney murine leukaemia virus reverse transcriptase was used as recommended by the supplier (Bethesda Research Laboratories). Random primed eDNA was synthesized under similar conditions except that 300 btg/ml of random oligonucleotides prepared according to Taylor et al. (1976) was substituted for 20 lag/ml of oligo(dT)l 2_~ 8. In each case the template RNA was hydrolysed, and cDNA collected after passage through a Sephadex G-50 column. Second strand cDNA synthesis was by standard methods using the Klenow fragment of DNA polymerase I (Maniatis et al., 1982) . A sample of dsDNA was analysed by agarose gel electrophoresis (Maniatis et al., 1982) .
Aliquots of ds eDNA were given poly(C) tails using dCTP and terminal deoxynucleotidyl transferase, and ligated into dGTP-tailed, Pstl-cut pUC9, or size-fractionated by centrifugation through sucrose density gradients before ethanol precipitation and dCTP tailing of individual fractions (five fractions per 12.5 ml, 0 to 32.5 ~ linear log sucrose gradient prepared in 10 mM-Tris-HC1, 100 mt~-NaCl, 1 mM-EDTA, pH 8-0) which were then ligated to dGTP-tailed pUC9 as above. Ligation reaction mixtures were then used to transform E. coli JM83 to ampicillin resistance. X-gal was used to screen for insertional inactivation of the a-peptide of/3-galactosidase (Vieira & Messing, 1982) . All of the white colonies and many light and darker blue colonies were picked separately to master plates because it has been shown that in-frame insertions or reinitiation within an insert can produce a functional ~-peptide (Close et al., 1983; Nagel & Hiebert, 1985) . Replicas of the master plates were made on nitrocellulose filters which were then screened separately by colony hybridization (Grunstein & Hogness, 1975) with randomly primed first strand BYMV eDNA (representative of the whole genome), and with a short oligo(dT)-primed BYMV cDNA preparation (Hellmann et al., 1983b) to select T-proximal cDNA clones.
Plasmid analysis. Minipreparation plasmid extractions were made by the method of Davis et al. (1980) , and large-scale plasmid preparations by a method supplied by Promega Biotec. Restriction enzymes were obtained from Bethesda Research Laboratories or Boehringer Mannheim. Restriction digests were analysed by electrophoresis in 1-2% agarose or 5% acrylamide gels, using pUC9 digested with various enzymes to provide size markers. Southern blots of plasmid digests, nick translation of cloned DNA and hybridizations were performed by standard methods (Maniatis et al., 1982) .
Immunological screening. Insert-bearing clones identified by colony hybridization were further screened for expression of viral proteins by the methods of Helfman et al. (1983 Helfman et al. ( , 1984 , except that goat anti-rabbit (GAR) or anti-mouse (GAM) antibodies labelled with horseradish peroxidase (HRP) or alkaline phosphatase (AP) (Kirkegaard & Perry) were used instead of 12SI-labelled second antibody. The primary antibodies used were polyclonal rabbit sera against BYMV-GDD (Hammond & Lawson, 1988) and BYMV-G cytoplasmic inclusion protein (a gift of F. W. Zettler), and mouse monoclonal antibody (MAb) PTY 1, which reacts with the CP of BYMV and other potyviruses (Jordan & Hammond, 1986; and unpublished results) . Clones that gave a positive reaction with any of the antibodies were further analysed by passive blotting to nitrocellulose (Renart et aI., 1979) of bacterial lysates separated in either a 10~ or a 10 to 20~ gradient SDS-polyacrylamide gel, and subsequently probing the blot with specific antibody. Detection of antibody reactions was by GAR-HRP followed by development in 4-chloro-l-naphthol (Hawkes et al., 1982) or by GAR-AP or GAM-AP, followed by development in nitroblue tetrazolium and bromochloroindolyl phosphate (Leary et al., 1983) . Overnight cultures (usually 2 ml) were induced by addition of isopropylthio-fl-D-galactoside (IPTG) to 2 raM, and incubated for 1 to 4 h more at 37 °C; control cultures were grown in the absence of IPTG. The bacteria were collected by centrifugation, and typically resuspended in 200 ~tl of 2 x TBE (1 x TBE is 89 mM-Tris, 89 mM-boric acid, 2 mM-EDTA, pH 8.3) containing 0.1 ~ SDS. Samples were dissociated by addition of an equal volume of dissociation buffer before Hellmann et al., 1986 and Chang et al., 1988) , and expanded to (b) to show the origin and overlap of cDNA clones pBY6, pBY7 and pBY9. The restriction sites identified by restriction mapping and (for pBY6 and pBY9) confirmed by sequence analysis are indicated as follows: D, DdeI; E, EcoRI; H, HindlII; Ha, HaelII; N, NdeI; P, PstI; R, RsaI; and S, Sau3AI . Internal sites are marked below the thin line representing the insert, while sites in the multiple cloning site are marked above the bold line representing vector sequence. The HaelII site at the 5' end ofpBY9 was an artefact of the homopolymer tailing, and is not present in pBY7. The symbols indicate (V) the predicted CP cleavage from the polyprotein, and (V) the location of the CP termination codon. Note that the pBY6 insert is inverted in the vector relative to the pBY7 and pBY9 inserts. (e) Shows the strategy used to determine the nucleotide sequences of pBY6 and pBY9, and the position of the 3' end of pBY7.
electrophoresis. Antibodies were absorbed before use with boiled extracts of E. coli JM83 (Helfman et al., 1983 (Helfman et al., , 1984 .
Sequencing. Typically 10 gg of plasmid DNA was digested with an appropriate restriction endonuclease, and the 5' termini were then labelled with [32p]ATP (Ruther et aL, 1981) . Labelled DNA fragments were separated in acrylamide gels, excised and eluted. DNA sequence analysis was by the procedure of Maxam & Gilbert (1980) with the modification of Smith & Cabro (1980) . The strategy for determining the sequence of clones pBY6 and pBY9 is shown in Fig. 1 , together with restriction sites used in sequencing or confirmed by restriction mapping. The 480 bp HaellI fragment of pBY9 was subcloned into the Sinai site of pU C9 to facilitate the sequencing. The upstream HaelII site was an artefact of cloning caused by the poly(C) tail on the cDNA, and was not present in pBY5 or pBY7.
Amino acid analysis. Virus purified as described was either dissociated with LiC1 as described by Francki & McLean (1968) , or trypsin-treated as described by Allison et al. (1985b) before LiC1 dissociation. Amino acid analyses were performed by Frank Sharpe (USDA-ARS, Plant Molecular Biology Laboratory) as described (Hurtt, 1987) .
Sequence comparisons. All computer sequence comparisons and hydrophilicity plots were made using the program package described by Larson & Messing (1983) . The BYMV sequences were compared to those of pepper mottle virus (PeMV; Dougherty et al., 1985) , tobacco etch virus isolates HAT and NAT (TEV-HAT and TEV-NAT; Allison et aL, 1985a, b) , tobacco vein mottling virus (TVMV; Domier et al., 1986) , sugarcane mosaic virus isolate JG (SCMV-JG; Gough et al., 1987) , potato virus Y isolate D and that of Rosner & Raccah (PVY-D; amino acid sequence only, determined by peptide sequencing, Shukla et al., 1986; and PVY-RR, Rosner & Raccah, 1988) , plum pox virus isolate D (PPV-D; Ravelonandro et al., 1988) and soybean mosaic virus isolate N (SMV-N; Eggenberger et aL, 1989) . Percentage homologies were calculated on the basis of the length of the BYMV CP gene. Nucleotides or amino acid residues upstream of the predicted cleavage site and nucleotides 3' to the BYMV termination codon were not included for calculation of homology.
RESULTS AND DISCUSSION
cDNA cloning Over 9 kb of ds cDNA was obtained by oligo(dT) priming of BYMV-GDD RNA; a continuum of smaller material was also detected by agarose gel electrophoresis (data not shown). Some clones with viral inserts were identified from each aliquot of eDNA by colony hybridization with a randomly primed probe, presumed to be representative of the whole genome. Of over 450 colonies thus identified, 235 colonies having significant hybridization signals were selected for minipreparation analysis. Sixty-two of these colonies were also detected with an oligo(dT)-primed probe primarily between 1 and 3 kb long (data not shown), and were thus presumed to represent the 3'-proximal portion of the RNA. Nine clones derived from oligo(dT)-primed RNA, and 25 from randomly-primed RNA had inserts larger than 150 bp (mainly from the bottom fraction of sucrose density gradients) and were retained for further analysis. These clones were rescreened on plates containing IPTG and X-gal. Three oligo(dT)-primed and 11 randomly primed clones expressed various degrees of fl-galactosidase activity as indicated by the degree of blue colouration on media containing IPTG and X-gal. These included pBY5 and pBYT, which were found to be very similar, if not identical, by restriction mapping. Restriction fragments common to pBY5, pBY6, pBY7 and pBY9 were used to orientate these clones with respect to one another ( Fig. 1 ). The presence of common sequences was confirmed by Southern blotting of restriction digests, and hybridization with nicktranslated pBY5 (data not shown). Clone pBY6 was found to contain a terminal poly(A) tract by sequencing (see below), thus confirming the predicted orientation of these clones, and establishing their positions relative to the 3' end of the genomic RNA.
Sequence of the 1015 nucleotides adjacent to the poly(A) tract of BYMV-GDD RNA
Clones pBY6 and pBY9 were sequenced; no base differences were observed in the overlapping regions (Fig. 1) . The nucleotide sequence and translation of reading frame 1 of the virion sense RNA are shown in Fig. 2 . An open reading frame (ORF) of 849 nucleotides (nt) starting upstream of the cloned sequences was followed by 166 nt of non-coding sequence with multiple termination codons in all three reading frames, and a poly(A) tract of 19 residues (Fig.  3 ). There were multiple termination codons in each of the other possible reading frames in the viral sense, with maximum coding capacities of 73 amino acids (reading frame 2) or 40 amino acids (reading frame 3) between these termination codons.
In the complementary (negative sense) strand there were multiple stop codons in all three reading frames. However, there were ORFs with potential coding capacity for polypeptides of 58 and 152 amino acids in one reading flame, separated by a sequence including four termination codons. The 58 and 152 residue potential polypeptides would be 18.99/o and 17-1 serine respectively and highly hydrophobic (data not shown). In the second reading frame there were potential ORFs of 25 and 40 codons, while in the third frame of the negative sense strand the largest ORF would encode only 17 amino acids.
The nucleotide sequence and the amino acid sequence predicted from reading frame 1 (Fig. 2 ) were highly homologous to the sequences of other potyvirus CPs (Table 1, Fig. 3 ), and the expressed fusion proteins were reactive with polyclonal antiserum and a MAb reactive with CP (see below); the sequence was therefore identified as the CP gene of BYMV. The BYMV CP gene therefore appears to be at the 3' end of the genome, and has been reported (Chang et al., 1988) to be processed from a larger protein; thus the organization of the BYMV genome is similar to that of other potyviruses (Dougherty & Hiebert, 1980; Hellmann et al., 1986; Yeh & Gonsalves, 1985; Allison et al., 1985a Allison et al., , 1986 Domier et al., 1986) . By comparison with the deduced amino acid sequences of TEV-NAT and TEV-HAT (Allison et al., 1985a, b) , PeMV (Dougherty et al., 1985) , TVMV (Domier et al., 1986) , PVY-RR (Rosner & Raccah, 1988) and SCMV-JG (Gough et al., 1987) , the cleavage of the BYMV CP from the polyproteinwas likely to be on the carboxy side of a glutamine residue. There were three glutamine (Q) residues in close proximity in the deduced amino acid sequence of BYMV-GDD, and slightly upstream of the comparable positions in TEV, PeMV, TVMV and PVY; these were on the amino side of a serine (S), a glutamic acid (E) and a leucine (L) residue, respectively, in the sequence C-R-F-Q-S-D-Q- t Two values are given for comparison to SMV-N: (a) is without any gaps and (b) is after the introduction of a three nt or one amino acid residue gap to maximize the homology (see text). Fig. 2 and 3) . The Q-S bond was the most likely cleavage point, as Domier et al. (1986) identified the consensus sequence V-(R or K)-F-Q at the N-terminal side of the proposed proteolytic processing sites of TVMV, and Dougherty et al. (1988) reported that the cleavage site of the CP is at the sequence L-Y-F-Q-(S or G) in 10 TEV isolates, where Q-S or Q-G is the scissile bond. The Q-S site was used for comparison of the deduced amino acid composition of BYMV CP with the chemically determined composition (see below).
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Amino acid analysis
The actual amino acid analyses of CP prepared from untreated and trypsin-treated virions were compared with the deduced amino acid composition; the results are shown in Table 2 . The positions of trypsin cleavages at the N and C termini of the trypsin-resistant core were deduced by comparison of the BYMV amino acid sequence with the positions determined or predicted by Allison et al. (1985b) and Shukla et al. (1988) for PeMV, PVY, SCMV, TEV and TVMV. The chemically determined molar ratios of amino acids in protein prepared from untreated and trypsin-treated virions were then used to calculate residue numbers in polypeptides of the predicted length. According to the deduced amino acid sequence, the CP consisted of 273 amino acids, of M r 30910; the trypsin-resistant virion protein had 216 amino acids and an Mr of 24478. The corresponding numbers calculated from the chemically determined composition were 274 residues in the CP (Mr 30635) and 218 residues (Mr 24661) for the trypsin-resistant core. The amino acid composition of BYMV CP calculated from the deduced amino acid sequence, and assuming the cleavage site identified by similarity to those of TVMV and TEV (see above), was in good agreement with the chemically determined composition. There was also good agreement with the chemically determined composition of other isolates of BYMV reported by Moghal & Francki (1976) and Randles et al. (1980) . Furthermore, if the trypsinsensitive sites reported by Allison et al. (1985b) and by Shukla et al. (1988) are assumed to be correct for BYMV also, the chemically determined composition of the trypsin-resistant virion protein of BYMV-GDD is an equally good match to the sequence-predicted composition. This supports both the assignment of the predicted cleavage site from the polyprotein, and the predictions of Shukla et al. (1988) for the sites of tryptic cleavage.
Immunodetection of viral proteins expressed in E. coli When BYMV-GDD antiviral serum was used with GAR-HRP as the detection system, a single colony (containing plasmid pBY9) was clearly distinguishable from the background reaction. In subsequent tests of all of the clones with viral inserts of greater than 150 bp, three clones (containing plasmids pBY5, pBY7 and pBY9) were detected with MAb PTY 1 and GAM-AP (data not shown). No reaction significantly above background was observed with Trypsin-treated virions A * ND, not determined; values of one for Cys and three for Trp were assumed on the basis of the deduced sequence. Molar ratios from amino acid analysis were converted to integral numbers of residues on the basis that 100% is the number of residues deduced from the nucleotide sequence; positions of tryptic removal of N-and Cterminal peptides were deduced from Shukla et aL (1988) .
any colony using antiserum to the BYMV cytoplasmic inclusion protein, although extracts of infected plants were clearly differentiated from extracts of healthy controls (data not shown).
When Western blots of bacterial lysates were probed with MAb PTY 1, a single major band was detected in extracts of E. coli containing pBY9 that was of slightly reduced mobility compared to purified virion protein (Fig. 4) . The fusion protein contained nine amino acids from fl-galactosidase (Vieira & Messing, 1982) , three Gly residues derived from the poly(G) tail of the plasmid construction, and eight residues from the cDNA upstream of the predicted site of CP cleavage from the viral polyprotein. These residues would increase the predicted Mr of the CP by 2051 to 33961. The observed reduction in mobility of the pBY9 fusion protein relative to purified virion protein is consistent with such an increase (Fig. 4) . A number of bands were observed in extracts of pBY5 and pBY7; the major bands in these two extracts were similar, and some were larger than BYMV CP (Fig. 4) . The occurrence of multiple bands in the extracts of E.
coli expressing pBY5 and pBY7 was suggestive of proteolytic processing. These clones were large enough to encode the C-terminal portion of the large nuclear inclusion protein (NIb in the terminology of Domier et al., 1986) and almost all of the CP gene. The expressed products of pBY5 and pBY7 were apparently processed; if processing were at the correct sites on the virion polyprotein, two CP-related products would be expected: partial NIb-CP (> 60K) and CP lacking the C terminus (appox. 31K). At least five CP-related bands were detected (Fig. 4) , and their apparent Mr did not match those predicted. However, the viral sequences in these constructs iack the viral termination codon, and these fusion proteins may continue out of frame with the LacZ polypeptide (data not shown). Moreover, the occurrence of two prominent bands of significantly greater mobility than genuine CP was suggestive of proteolytic cleavage within the expressed CP sequence; a bacterial protease of different specificity to that of the viral protease was presumably responsible for these cleavages. Proteolytic degradation of foreign proteins expressed in bacteria has been observed in other instances, including rapid degradation of the CP of satellite tobacco necrosis virus produced in E. coli (Van Emmelo et al., 1984) . There was constitutive expression of these fusion proteins, but higher levels of expression were obtained in the presence of IPTG (data not shown). N o serologically reactive bands were observed in extracts of E. coli carrying vector pUC9 alone (Fig. 4) .
Comparison o f the nucleotide and amino acid sequences o f B Y M V and other potyvirus CP genes
The nucleotide and amino acid sequences of the BYMV CP gene were compared to each of the published potyvirus sequences individually by computer ; a composite alignment was made manually. A gap of 3 nt (one amino acid) was introduced (by eye) into the SMV-N sequence in order to maximize the homology. The degree of homology between sequences was similar at the nucleotide and amino acid levels (Table 1) . W hen multiple sequences were aligned, 228 tat of the 822 nt BYMV CP gene (27.7%) were found to be directly conserved in all nine sequences when the 3 nt gap was introduced into the SMV-N sequence; the conserved nucleotides are underlined in the BYMV sequence (Fig. 2) . The longest continuous sequence homology between all sequences was seven residues, T G G A T G G (nt 452 to 458 in the BYMV sequence). There were five other regions where five contiguous nucleotides were conserved; all but one of these regions of five or more nucleotides contain the sequence ATG, although in only one instance was this in frame to encode Met. The conserved residues were most often the first and/or second positions of the codons; conservation of the third (or 'wobble') position was observed only where the whole codon was conserved. No significant homology was observed in the 3' non-coding regions. In the amino acid sequence 78 of the 273 residues of the BYMV CP (28-6~) were conserved in all of the potyvirus CP genes examined (Fig. 3) with a one residue gap in the SMV-N sequence; if only the trypsin-resistant core of the protein is considered, 33 ~ of residues are conserved. Throughout the CP sequences, chemically similar types of amino acid residues (Argos et al., 1986) were observed at many positions where the sequences differed (indicated in Fig. 3) ; this observation, and the similarity of the hydrophilicity plots (Fig. 5) suggests that the architecture of the potyviruses is highly conserved. No ORFs equivalent to those observed in the BYMV (-) strand were observed in any of the other potyvirus sequences, and it is unlikely that the (-) strand ORFs are expressed.
The N-terminal trypsin-sensitive portion of BYMV CP was lysine-rich, as previously reported by Hiebert et al. (1984) for five other potyviruses. Despite the lack of significant homology between the sequences in this N-terminal segment (except between PVY and PeMV, which may be strains of the same virus; Shukla et al., 1986 Shukla et al., , 1987 all except PPV-D and SCMV-JG are lysine-rich. PPV-D and SCMV-JG CPs each have a significant N-terminal extension compared to the other CPs, and this may require a different structure. The N-terminal portion of the potyvirus CP may be involved in aphid transmission (Allison et al., 1985 b) and differences in the N termini may be associated with specific vector or helper component interactions.
There is considerable homology in the trypsin-sensitive C terminus (Fig. 3) . As this region is on the virion exterior, and as trypsin-treated virions were still infectious and morphologically indistinguishable from untreated particles (Shukla et al., 1988) , the homology observed in the C terminus is presumably not necessary to maintain virion structure, nor directly involved in the infection process. It is therefore likely that the C terminus as well as the N terminus of the CP is involved in the virus/helper component/vector interaction necessary for potyvirus transmission (Govier & Kassanis, 1974a, b; Govier et al., 1977) .
Comparison of hydrophilicity plots of potyvirus CPs
The deduced amino acid sequences of each CP were used to prepare hydrophilicity plots, using the values of Hopp & Woods (1981) and a window of six amino acid residues. Manual alignment at the conserved residues showed that there is great similarity between these plots. The greatest differences between the hydrophilicity plots was in the N-terminal region, as expected from the sequence comparison (Fig. 3) . The next most significant difference was the presence of a broad or double hydrophilic peak in PPV-D, SCMV-JG and SMV-N immediately N-terminal to the highly conserved most hydrophobic peak (Fig. 5) . At the position of the hydrophilic peak(s) PPV-D, SCMV-JG and SMV-N have three consecutive strongly hydrophilic amino acids (combinations of Arg, Asp, Glu and Lys), whereas none of the other sequences has more than one of these residues in this region (underlined in Fig. 3 ; residues 105 to 107 in the BYMV sequence). No obvious common feature of these three sequences was observed which might compensate for this increased hydrophilicity, and it is therefore suggested that this region may lie on the CP surface.
The Y non-coding region
The 166 nt BYMV 3' non-coding region was A + U-rich (61 ~), and was shorter than in any of the previously reported potyvirus sequences, which range from 186 nt in TEV-HAT or 189 nt in TEV-NAT (Allison et al., 1985 a, b) to 335 nt for PVY-RR (Rosner & Raccah, 1988) or 475 tat for SCMV-JG (Gough et al., 1987) . No potential polyadenylation signal (AAUAAA) was observed in the BYMV 3' non-coding region although this sequence was identified in the TVMV 3' noncoding sequence, 94 nt upstream of the poly(A) tail (Domier et al., 1986) . The same motif was identified by inspection of the sequences of PeMV (Dougherty et al., 1985) , PVY-RR (Rosner & Raccah, 1988) , and SMV-N (Eggenberger et al., 1989) shown; the numbering refers to the residues of BYMV CP. Note that the major differences are in the N-terminal segment where there is least amino acid homology (see also Fig. 3 ). A region of internal variation is centred around residues 105 to 107 relative to the BYMV sequence (see Fig. 3 and the text).
250 nt, respectively, upstream of the poly(A) tract; the AAUAAA sequence in SMV-N overlaps the CP gene termination codon. Ravelonandro et al. (1988) did not observe a potential polyadenylation signal in the PPV-D sequence, and inspection of the sequences of TEV isolates (Allison et al., 1985a, b) and SCMV-JG (Gough et al., 1987) did not reveal any such site in the 3' non-coding regions. As the positions of the AAUAAA motif in potyvirus sequences were significantly further upstream than is typical of functional polyadenylation signals (Domier et al., 1986; Proudfoot & Brownlee, 1976 ) and the motif is not present in the 3' non-coding regions of five of nine potyvirus isolates that have been sequenced, it seems unlikely that the poly(A) tract of potyviruses is added in response to a polyadenylation signal. It has been shown that cowpea mosaic virus (CPMV), the type member of the comovirus group, has a poly(U) tract at the 5' terminus of the (-) strand of RF RNA, implying that the poly(A) tails of the CPMV genomic RNAs are derived from the (-) strand template during replication (Lomonossoffet al., 1985) . No AAUAAA signal was identified in either of the CPMV genomic RNAs (Davies et al., 1979; Van Wezenbeek et al., 1983; Lomonossoff & Shanks, 1983) . The RFs of poliovirus (Yogo & Wimmer, 1973; Yogo et al., 1974) , Semliki Forest virus (Sawicki & Gomatos, 1976) and 
